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(57) Abstract: 

PURPOSE: To deoxidize and purify the NOx in the ex- 
haust gas directly by the H 2 from a hydrogen genera- 
tor under the exhaust gas low temperature ambiance 
so as to reduce the NOx, by composing the system 
to make a part of a hydrocarbon fuel converted into a 
hydrogen gas to feed by a reformer catalyst converter. 

CONSTITUTION: H 2 is fed near the entrance of a de- 
oxidizer catalyst 2. The air amount is measured by a 
suction air amount sensor 5 of an engine E to make the 
H 2 to feed at the same level with the NOx in the exhaust 
gas. The NOx density in the exhaust gas is found by 
an NOx sensor 6, and after the NOx flow is calculated 
from the outputs of both sensors 5 and 6 in a controller 
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7, the fuel flow led in a reformer catalyst converter, and 
the reformer catalyst converter temperature by an ex- 
haust gas flow dividing valve 1 1 , and also an air valve 
12 for reforming in the system to carry out a partial 
oxidization, are controlled in order to generate the H 2 
corresponding to the NOx flow. 
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(54) NITROGEN OXIDE REDUCING DEVICE FOR INTERNAL COMBUSTION ENGINE 

(57)Abstract: 

PURPOSE: To deoxidize and purify the NOx in the exhaust gas 
directly by the H2 from a hydrogen generator under the exhaust gas 
low temperature ambiance so as to reduce the NOx, by composing the 
system to make a part of a hydrocarbon fuel converted into a 
hydrogen gas to feed by a reformer catalyst converter. 
CONSTITUTION: H2 is fed near the entrance of a deoxidizer catalyst 
2. The air amount is measured by a suction air amount sensor 5 of an 
engine E to make the H2 to feed at the same level with the NOx in the 
exhaust gas. The NOx density in the exhaust gas is found by an NOx 
sensor 6, and after the NOx flow is calculated from the outputs of both 
sensors 5 and 6 in a controller 7, the fuel flow led in a reformer 
catalyst converter, and the reformer catalyst converter temperature by 
an exhaust gas flow dividing valve 1 1 , and also an air valve 12 for 
reforming in the system to carry out a partial oxidization, are controlled 
in order to generate the H2 corresponding to the NOx flow. 
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CLAIMS 

[Claim(s)] 

[Claim 1]Both that it is characterized by comprising the following to an entrance side of this catalyst device 
Methanol or LPG, A hydrogen generator which generates hydrogen by a reforming catalyst converter for 
some hydrocarbon fuel, such as natural gas, is provided, A nitrogen-oxides reduction device of an internal- 
combustion engine constituting hydrogen gas so that supply is possible, carrying out direct reduction 
purification of the nitrogen oxides under said exhaust air with hydrogen gas from this hydrogen generator 
under an exhaust air low temperature atmosphere in near the silencer of an exhaust system, and reducing 
these nitrogen oxides. 

A basis of existence of nitrogen oxides and oxygen gas during exhaust air by combustion of fuel supplied 
from a fuel supply system in a combustion chamber of an internal-combustion engine. 
A catalyst device for carrying out catalytic reaction of hydrogen gas and the nitrogen oxides inside, and 
decomposing into nitrogen gas and water. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application^ what is called the lean burn engine and the diesel power plant, other hydrogen 
fueled engines, etc. which this invention requires for the nitrogen-oxides reduction device of an internal- 
combustion engine, and use a lean mixture and aim at the improvement in fuel consumption especially, 
without it spoils the goodness of the fuel consumption of the engine concerned -- the concentration of the 
oxygen gas (0 2 is called below) under exhaust air -- it is related with the Lean NO x catalyst exhaust gas 
cleaning system which can carry out reduction purifying of the nitrogen oxides (NO x is called below) 

effectively regardless of how. 
[0002] 

[Description of the Prior Art]ln a piston engine, as an internal-combustion engine and the Lord, to the 
reducing method of the nitrogen oxides (NO x is called below) of exhaust air. The NO x decreasing method 
by the use ** Lean NO x catalyst of the NO x decreasing method ** super-rarefaction air-fuel ratio by the 
former and ** three way component catalyst (for example, JP,1-139145,A) 

Three ** are considered. However, the weight ratio of the fuel in which the method of ** is supplied to an 
engine, and air must be about 14.5, i.e., theoretical air fuel ratio. If fuel uses a thin air-fuel ratio from 
theoretical air fuel ratio, NO x does not decrease. However, it is known that considering the economical 
efficiency of fuel consumption specific fuel consumption has few directions which operated the engine by the 
thin side from theoretical air fuel ratio as shown in drawing 2 , and it is efficient. 

[0003]Next, ** tends to reconcile NO x reduction and fuel consumption reduction with what is called a lean 
burn engine. However, if it tries to use the air-fuel ratio which can reduce NO x enough, it approaches the 
misfire limit of combustion, and engine fuel consumption not only worsens, but it will be ruined and drivability 
will worsen. In order to prevent this, disorder and the increase in the rate of flow are measured with the air 
flow in a cylinder, the rate of combustion is made quick and there are some which are going to improve a 
misfire limit so that it may become a thin region more. However, since the flame kernel formation at the time 
of ignition and the flame propagation in early stages of combustion will be barred on the contrary if air 
disorder and the increase in the rate of flow are performed too much, there is a limit in expansion of the 
misfire limit by this method. Although there is also the method of making it into the rich mixture which 



adjusted the air-fuel ratio distribution in a cylinder and to which only the neighborhood of an ignition plug was 
suitable for ignition, since the decreasing rate will decrease as the dashed line also showed generating NO x 
if a misfire limit spreads to a thin side more as shown in drawing 3 , a big effect is not expectable. 
[0004]** In order to compensate the fault of the above-mentioned **, it is going to operate using near 
[ slightly near theoretical air fuel ratio ] a specific-fuel-consumption minimum score from a misfire limit, and 
NO x in which reduction is a little insufficient tends to purify with a zeolite system Lean NO x catalyst. This 
method may become a fuel-efficient system. However, there is a problem which should be solved practically 
that NO x purifying rate and endurance of catalyst this Lean NO x catalyst will return NO x under a lot of 0 2 
existence during exhaust air, severe [ a catalyst ] temperature conditions etc. and sufficient under the 
present circumstances can be easily incompatible. The method of reducing NO x enough all has many 
practical problems, using the air-fuel ratio which can make engine specific fuel consumption small as much 
as possible as mentioned above. 

[0005]By the way, although it is fundamentally the same that excess 0 2 is included during exhaust air also 
by the lean burn engine or a diesel power plant, 0 2 concentration becomes large, so that exhaust air of this 
engine uses a lean mixture including 0 2 during exhaust air. The catalyst which performs NO x reduction 
purifying under exhaust air containing such 0 2 is called Lean NO x catalyst, and the catalyst of a precious- 
metals system, for example, a zeolite system, is used in many cases. In this Lean NO x catalyst, the relation 
between NO x purifying rate and temperature shows drawing 4 . And a not less than 350 ** pyrosphere is 
mainly a reaction of HC-NO x . A low temperature region 250-350 ** or less serves as a reduction reaction by 
H 2 of NO x , and purification of NO x is possible for it. 

[0006] However, since an exhaust-gas temperature amounts also to a maximum of 800-900 ** since a Lean 
NO x catalyst is installed near an engine exhaust manifold, and an air-fuel ratio uses a thin side from 
theoretical air fuel ratio in exhaust air of a lean burn engine, H 2 hardly exists during exhaust air. Therefore, 
the characteristic by the side of low temperature was a field which cannot be used conventionally. 
[0007] 

[Problem(s) to be Solved by the lnvention]The purpose of this invention is what solves the above-mentioned 
conventional various problems, Without spoiling the goodness of the fuel consumption of a lean burn engine 
or a diesel power plant under coexistence of NO x and 0 2 during exhaust air of a lean burn engine or the 
diesel power plant always operated by the Oover 2 (air) side, the concentration of 0 2 under exhaust air - it is 
going to provide NO x reduction device of the exhaust gas cleaning system, i.e., the internal-combustion 
engine which can control the burst size of NO x , which carries out reduction purifying of the NO x effectively 

regardless of how. 
[0008] 

[Means for Solving the Problem]NO x reduction device of an internal-combustion engine of this invention, A 
basis of existence of NO x and 0 2 during exhaust air by combustion of fuel supplied from a fuel supply 



system in a combustion chamber of an internal-combustion engine, Form a catalyst device for carrying out 
catalytic reaction of H 2 and the NO x within an exhaust system, and purifying NO x , and. Provide a hydrogen 
generator which generates hydrogen by a reforming catalyst converter for some hydrocarbon fuel, such as 
methanol or LPG, and natural gas, in an entrance side of this catalyst device, and H 2 is constituted so that 
supply is possible, It is the composition of carrying out direct reduction purification of the NO x under said 
exhaust air by H 2 from this hydrogen generator under an exhaust air low temperature atmosphere in near 
the silencer of an exhaust system, and having reduced this NO x . 
[0009] 

[Function and Effect]NO x reduction device of the internal-combustion engine of this invention which consists 
of the above-mentioned composition does the following operations so. 

[0010]Namely, NO x reduction device of the internal-combustion engine of this invention which this invention 
person etc. invented, The basis of the existence of NO x and 0 2 during exhaust air according to combustion 
of supply fuel in the combustion chamber of an internal-combustion engine by having composition as shown 
in drawing 1 , Carry out the catalytic reaction of H 2 and the NO x , and to the entrance side of nitrogen gas 
and the catalyst device formed in the exhaust system decomposed into water Methanol or LPG, H 2 from the 

hydrogen generator which leads some hydrocarbon fuel, such as natural gas, to a reforming catalyst 
converter, and generates H 2 is supplied, The operation effect which carries out direct reduction purification 

of the NO x under said exhaust air exactly efficiently by this H 2 under the exhaust air low temperature 
atmosphere in near the silencer of an exhaust system, and reduces this NO x is done so. For this reason, 
NO x reduction device of the internal-combustion engine of this invention, Since an engine operating air-fuel 
ratio can reduce NO x according to a catalyst regardless of the concentration of existence of 0 2 a thin side 
and under exhaust air, or 0 2 from a rich side, theoretical air fuel ratio, and theoretical air fuel ratio, from 
theoretical air fuel ratio On engine (car) performance, The profitableness which can choose an optimum 
value without taking into consideration fuel consumption top NO x reduction conditions can be given. 

[0011] 

[Example]A reforming catalyst converter is classified according to the fuel which uses the hydrogen 
generator in an example for an engine as follows. 

[0012]That is, if it is in the engine which uses methanol as fuel, the gas which carried out heating 
evaporation of the methanol by exhaust air is led to this catalyst using transition metal catalysts, such as 
1Pd, Pt, and Cu/Cr/nickel, and H 2 is generated. About 300 ** is best and catalyst inlet gas temperature is a 

reaction at this time. [0013] 
[Formula 1] 

C H a O H - CO + 2 H 2 
[0014]lt becomes. 

[001 5]2) Make methanol vapour mix air, according to Cu-nickel-Cr/alumina catalyst, carry out partial 



oxidation of some methanol, and generate H 2> 400 ** - 500 ** are suitable for temperature, it controls the air 
flow rate made to mix in methanol, and maintains temperature. The reaction in this case, [0016] 
[Formula 2] 

CHa OH + Air - H 2 + CO + Hz O 
[0017]lt becomes. 

[001 8]3) Cu-Mn or Cu-Zn is used for a catalyst, and add a steam to methanol, or add air and methanol 
water, and perform steam reforming. About 250 ** is suitable and temperature is a reaction. [00-19] 
[Formula 3] 

C EI » OH + II 2 O - 3 Hz + OOz 
[0020]lt becomes. 

[0021]lf it is in the engine using hydrocarbon fuel, such as LPG and natural gas, nickel, CO, and Rh are 
used as a catalyst and it reforms at the temperature of 300-800 **. In the case of this hydrocarbon fuel, the 
water from a steam, air, or a water tank is added, and refining is carried out to it. (Temperature changes with 
catalysts.) There is much methane at low temperature and there is much CO at an elevated temperature. As 
a reaction, [0022] 
[Formula 4] 
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[0023]lt becomes. 

[0024]NO X reduction device of the internal-combustion engine of this example, NO x flow is computed from 
the output of the NO x sensor 6 with which the exhaust pipe of said exhaust system is equipped, and the 
suction-air-quantity sensor 5, It can also have composition which controls the air content and the amount of 
reforming fuel in the case of performing the engine exhaust gas flow or partial oxidation which determines 
the always proper amount of H 2 and heats the reforming catalyst converter as said hydrogen generator. 
[0025]NO X reduction device of the internal-combustion engine of this example, The number of rotations of 
the internal-combustion engine concerned, intake pipe negative pressure, As an intake throttle valve 
opening or a fuel supply system. It can also have composition made into the learning control method which 
controls the fuel quantity which possesses the sensor which can detect the operating condition in internal- 
combustion engines, such as injection quantity of ************, carries out prediction arithmetic of the NO x 

flow from the output of the sensor concerned, and is supplied to the reforming catalyst converter of said 
hydrogen generator. 

[0026]And since NO x reduction device of the internal-combustion engine of this example makes mixing of 



H 2 and exhaust air uniform in the entrance side of said catalyst device, it can possess a mixer or can also 
consider it as the composition which uses the silencer of an exhaust system effectively. 
[0027]lf it explains in full detail, NO x reduction device of the internal-combustion engine of this example was 
invented in order to solve said conventional problem, and shows drawing 1 the basic constitution figure. That 
is, the 1st point of this example is that this H 2 reduction uses it in the whole drive range of the engine E by 
the exhaust air low temperature side. The 2nd point is incorporating the H 2 generator 1 into a constitution 
system in order to enable use by the side of low temperature. The 3rd point is controlling the H 2 generator 1 
by the operational status of the engine E, or the amount of NO x under exhaust air, and enabling it to always 
supply an equivalent grade or superfluous H 2 by NO x and a mol during exhaust air. 
[0028]Since H 2 will react to 0 2 and the selectivity of H 2 -NO x will be lost if exposed to an elevated 
temperature, the reduction catalyst 2 is arranged near the silencer 3 so that it may not be exposed to not 
less than 350 **. And this example branches from fuel piping, carries out introductory reforming of the fuel 
via a flow control valve at the reforming catalyst converter as an H 2 generator, and generates H 2 . H 2 is 
supplied near the entrance of the reduction catalyst 2. In order to make H 2 to supply into an equivalent 
grade by NO x and the mol under exhaust air, an air content is measured by the suction-air-quantity sensor 5 
of the engine E, boil NO x concentration under exhaust air NO x sensor 6, after asking for **** and calculating 
NO x flow from the output of both the sensors 5 and 6 by the controller 7, It is the composition which controls 
the air valve for refining by the fuel flow introduced into a reforming catalyst converter in order to generate 
H 2 corresponding to NO x flow, and the thing which performs reforming catalyst converter temperature by an 

exhaust airflow dividing valve, and partial oxidation. 

[0029]ln drawing 5 , the delivery late of H 2 [ as opposed to NO x in a horizontal axis ) and a vertical axis show 
the reduction rate (purifying rate) of NO x . If equivalent weight of H(mol) 2 is supplied to NO x , and NO x and 
H 2 shall be mixed thoroughly, reduction purifying of all the NO x will be carried out (theoretical value). 
However, since complete mixing is not carried out actually, a reduction rate becomes like an experimental 
value. Although there is a portion to which the purifying rate is good from theory in the experimental value, it 
is because the steam under exhaust air decomposed on the precious-metals system catalyst and has 
changed this into H 2 . Therefore, many H 2 reacts to NO x from supplied H 2> 

[0030]ln NO x reduction device which performs reduction purifying by H 2 as other examples, it can be 
considered as the function to install the mixer which carries out mixed mixing of H 2 and exhaust air in the 
entrance side of a reforming catalyst converter. The hydrogen generator and catalyst device which are NO x 
purges of others of this example, Since it has a respectively suitable operating temperature range, a 
reduction catalyst can be installed in the inside of the muffler to which exhaust air expands and temperature 
falls at 200 ** or less, or its lower stream again in the latter part of the oxidation catalyst which installed the 
hydrogen generator in the exit of an exhaust manifold in the exhaust system of an internal-combustion 
engine. 



[0031]ln N0 X reduction device which supplies H 2 of a hydrogen generator and carries out reduction 
purifying of the NO x under engine exhaust gas under 0 2 coexistence as other examples, It can have 
composition which has a means to oxidize HC, such as an oxidation catalyst, a three way component 
catalyst, and an exhaust air reactor, and CO near an engine exhaust manifold, and uses Pt-zeolitic catalyst 
for the reforming catalyst converter as a Lean NO x catalyst. A sound deadening effect can be given to a 
reforming catalyst converter, and a reforming catalyst converter and an exhaust air muffler can be 
considered as unification composition. 

[0032]And in NO x purge which performs NO x reduction by H 2> it can have composition which installed the 
soot trapper and the unburnt glow output oxidizing means upstream of the reforming catalyst converter as 
an object for diesel engines. In this example, a hydrogen fueled engine besides a gasoline engine and a 
diesel power plant may be sufficient as an internal-combustion engine, and it can be applied effective in 
these NO x reduction devices. In the case of this hydrogen fueled engine, a hydrogen generator is not 
required, and it can be applied by supplying H 2 as fuel in bypass via a controller. 
[0033] 

[The 1st example] The 1st example that applies the system of this invention to the lean burn engine of the 
engine displacement 1 1 is shown in drawing 6 . Engine E 1 of the 1st example at the time of the excess air 
factor lambda= 0.95 at the time of idling - the full load of 1 .0 (they are rich side or theoretical air fuel ratio a 
little than theoretical air fuel ratio) each number of rotations, and rapid acceleration lambda= 0.8-1 .0 (rich 
side), Operating conditions other than this are engine E 1 operated by a thin lambda= 1.2-1.8 side. 
Therefore, 0 2 under exhaust air changes to about 0 to 10%. Exhaust-system E x is composition which 
installs the oxidation catalyst 9 in the exit of the exhaust manifold 8, oxidizes and purifies incomplete 
combustion output, such as HC and CO. The reduction catalyst 12 is arranged to the downstream of the 
muffler 13 as a silencer. In order to equalize mixing with H 2 and exhaust air in the entrance of the reduction 

catalyst 12, the mixer 10 is formed in it. 

[0034]The H 2 generator 11 is a water electrolysis H 2 generator using the reforming catalyst 14, as shown in 
drawing 7 and drawing 8 . 

[0035]The hydrogen generator 1 1 forms the coiled inner core in the branched exhaust pipe, the 
electromagnetism fuel injection valve which injects methanol is provided in one end of the inner core, and 
the other end is led to the mixer. It is filled up with porous ceramics for near the entrance of the inner core to 
evaporate methanol, and the reforming catalyst of the pellet type is got blocked in after that. (When using a 
monolith-like catalyst, the inner core is changed into linear shape from a coiled form.) The catalyst is using 
Pd. 15 are a suction-air-quantity sensor which measures the air content to engine E 1 among drawing 6 , and 

16 is a NO x sensor which measures NO x concentration under exhaust air. 

[0036]Since H 2 of the equivalent is needed by NO x and a mol in the case of the 1st example, are based 
also on NO x concentration under exhaust air of engine E y but. In the time of H 2 of 0.3 l/min, and the 
maximum output maximum horsepower, H 2 of about 1 .0 l/min is needed at the time of the vehicle speed of 



50 km/h. Although this H 2 reforms some fuel and it is supplied, The influence which consumption H 2 under 

each operating condition has on run fuel consumption is 1 to 2% or less, is a grade which can be 

disregarded if compared with 15 to 20% of the fuel consumption reduction merit using a lean burn engine, 

and does not spoil the low-fuel-consumption characteristic of a lean burn engine. 

[0037]The methanol which H 2 generating takes is a 0.15 l/min (steam) grade to a 50-km/h run. 

[0038]As mentioned above, since the 1st example reforms a little fuel in the H 2 generator 1 1 and performs 

H 2 -NO x reduction using the low temperature side characteristic of the reduction catalyst 12, It is a practically 

significant lean burn NO x reduction system which can measure reduction of NO x regardless of the operation 

excess air factor lambda of engine E r CO which carries out a byproduction with H 2 is a water gas shift 

reaction. [0039] 
[Formula 5] 

CO l H 2 0 - H 2 + CO* 

[0040]lt comes out, and changes into H 2 , or Pd film separates into H 2 and CO, and there is also the method 
of supplying ahead of the reduction catalyst 12 as high grade H 2 . However, CO which carries out a 
byproduction is little, can be committed in the reduction catalyst 12 as a reducing agent as it is, and does not 
emit CO. 
[0041] 

[The 2nd example] The 2nd example is a case of the gas engine used for the object for air conditioning, and 
power generation. Fuel shows the case of natural gas. Unlike the object for cars, the engine for stationing of 
such a purpose is operated by the number of certain rotations, and fixed load. Therefore, it is easy to keep 
the temperature of a reforming catalyst converter constant. Since the composition of the 2nd example is 
almost the same as that of said 1st example as shown in drawing 9 , identical parts attach the same 
agreement and omit explanation. 

[0042]Air and natural gas control the fuel supplied to a hydrogen generator by a regulating valve in order to 
secure required H 2 which is natural gas, is mixed with air and supplied unlike the 1st example. Control is the 
same as that of said 1st example almost, and does so the almost same operation effect as said 1st 
example. 
[0043] 

[The 3rd example] NO x reduction device of the engine which combines the device and zeolitic catalyst 
which reform some fuel and generate H 2 in said each example, and carries out reduction purifying of the 

NO v , It has turned out that a big difference is produced for NO v reduction performance according to the 

x A 

conditions of supply of H 2 , and the contents. As shown in drawing 10 , exhaust air of the engine containing 
NO x and 0 2 is passed for a catalyst, and NO x purifying rate at the time of supplying H 2 from the upper 
stream of a reforming catalyst converter is shown in drawing 1 1 . In drawing 1 1 , a horizontal axis shows the 
supply rate of H 2 to NO x , and 1 .0 is a case where NO x and H 2 are the equivalents. A vertical axis is the rate 
that NO x is purified by reduction, and 1 .0 shows that all NO x will be purified. 



[0044]When the catalyst 61 of the pellet type shown in drawing 12 is contained in the reforming catalyst 
converter 60 shown in drawing 10 , a high purifying rate is shown that drawing 14 shows. If the catalyst 62 of 
the monolith type shown in drawing 13 is used, even if it is the same H 2 amount of supply, a purifying rate 

will fall. 

[0045]H 2 and exhaust gas do not mix enough the catalyst 61 of the pellet type shown in drawing 12 at the 
entrance, but even if H 2 has concentration distribution, the crevice between pellets like a maze is enough 
mixed in the process in which gas is in direct communication and goes, and H 2 and exhaust gas are 
equalized. 

[0046]On the other hand, many section "swage block"-like **** have the catalyst 62 of the monolith type 
shown in drawing 13 . 

Since the hole of a piece is in the direction of a gas flow independently, if H 2 has distribution at the entrance, 

it will be hard to mix the gas in the channel which adjoins each other mutually on the way. 

According to the actual experiment, it was difficult to make thickness of an exhaust pipe thick substantially 

from the restrictions on mount, the gas flow rate was quick, H 2 made the high concentration region near the 

center section, and H 2 has produced the inconvenience hardly supplied in the monolith periphery. 

Therefore, the capacity factor of a monolith type of H 2 is low compared with a pellet type. 

[0047]On the other hand, when it sees as an engine exhaust gas system, a pellet's rubbing mutually and it 

being easy to carry out disintegration by vibration and the direct cross-section area of gas of a pellet type 

are small, pass resistance is large, and causes exhaust-gas-pressure increase, and there is a fault which 

gets worse in the engine performance itself. Therefore, although it is desirable to use a monolith type for a 

catalyst, a device is needed for supply of H 2 in this case. 

[0048]Then, the 3rd example comprises the constitutionally simple device which mixes supply of H 2 
homogenously so that NO x purifying rate which was superior to the pellet type using the catalyst of a 
monolith type may be acquired. That is, the essential structure of the H 2 jet nozzle 63 as the mixed device 
69 is shown in drawing 14 and drawing 15 . The inserted H 2 jet nozzle 63 is hollow cylinder shape, and it has 
turned at it in the shape of an L character to the flow direction of exhaust air. 
It has two or more jet holes 64 radiately. 

4-6 pieces are suitable for the radiate jet hole 64 ~ one row - or two or more rows are provided. (Three rows 
of jet holes are allocated in drawing 14 ). 

[0049]D is required for d not less than 20%, and since resistance of a channel will become large if d is 
enlarged, the insertion tube outer diameter d of the jet nozzle 63 and the inside diameter D of the exhaust 
pipe 65 carry out section expansion formation of some exhaust pipes 65, as shown in drawing 16 . Even if 
the distance L from the jet nozzle 63 to the reforming catalyst converter 60 needs more than the twice [ at 
least ] of D and enlarges them 10 or more times, there are few improvement effects. The mixed device can 
show drawing 17 and drawing 18 composition other than ****. that is, the portion which makes H 2 stir 

comprises the H 2 jet nozzle 66 of a byway, and the cylinder like object with base 68 which established two 



or more jet holes 67 in the wall by the major diameter from this -- about two-fold are constituted tubular. H 2 
which blew off is first mixed with the exhaust air which flows into the H 2 jet nozzle 66 with the dynamic 
pressure of exhaust gas pressure, blows off from the container liner of the cylinder like object with base 68 
in an outer case, and is further mixed by the exhaust air which flows between inside-and-outside pipes. 
Thus, since it passes through two steps of mixing processes, about H 2 and exhaust air can mix 

homogenously thoroughly. 

[0050]The size (a diameter or a cross-section area) of an inside-and-outside pipe influences mixing greatly, 
and if a container liner is small, almost all exhaust air flows through an outer case, and cannot use dynamic 
pressure enough. In drawing 17 and drawing 18 , as for D/d (an outer case/container liner), three to about 
1.7 are effective, and the two neighborhoods of the diameter ratio of an inside-and-outside pipe are best. 
[0051]Mixing becomes good, and even if the 3rd example that consists of the above-mentioned composition 
is a monolith type, it can acquire the same purifying rate as a pellet type. Since the amount of supply H 2 can 
be saved 30 to 60% in the same purifying rate, fuel which H 2 generating takes can be lessened and an 
engine output and the influence on fuel consumption can be reduced. 

[0052]For example, if the usual operation area representative point estimates in a 1.6-1. lean burn gasoline 
engine, H 2 flow taken to purify 2000 rpm of engine speed value and torque 40Nm, NO x burst size 0.44 l/min 
at this time, and this NO x by H 2 reduction is 0.66 l/min. The fuel for H 2 generator becomes fuel vapor of 
0.33 l/min generating H 2 of 0.66 l/min (in the case of methanol). 

[00531lf drawing 17 which is D/d=2, and the device shown in drawing 18 perform mixed promotion, the 
amount of supply of H 2 can be managed with about 0.44 l/min of NO x and equivalent weight, and fuel will 
fall to the steam of steamy 0.22 l/min of 0.22 l/min. That is, it becomes saving of 0.1 1 l/min. 
[0054] 

[The 4th example] In said example, hydrogen is generated with a hydrogen generator using a zeolitic 
catalyst, and if H 2 is supplied to the entrance of a zeolitic catalyst and NO x reduction by H 2 is performed, 
even if high-concentration 0 2 exists during exhaust air, big NO x purifying rate is acquired. 
[0055]However, compared with the conventional NO x catalyst, for example, a three way component 
catalyst, and Cu-zeolitic catalyst, it is a low-temperature reaction, Compared with the conventional catalyst 
using the space velocity (ratio of passing gas flow l/hr to the catalyst body product I) 50,000-100,000, SV (for 
example, 10,000-60,000) small from the relation of reaction velocity must be used. When mounting this 
system, the reforming catalyst converter of this system consists of inlet gas temperature, the lower stream, 
for example, near an exhaust air muffler, an exhaust system. However, it is a place in which the large (the 
size of a converter is large) reforming catalyst converter of car structure top space velocity is installed in a 
car, and is hard to apply to all the cars. 

[0056]Since the 4th example makes installation of a reforming catalyst converter easy, even if it makes a 
catalyst build in the muffler structure and the muffler for making a Lean NO x catalyst build in a muffler, and 
measuring miniaturization, it enables NO x purification from temperature conditions. 
[0057]That is, since the composition of the 4th example can be managed with one of the two, without 



arranging N0 X converter and an exhaust air muffler in series if the Lean NO x catalyst 82 is made to build in 
the exhaust air muffler 80 as shown in drawing 20 and drawing 21 , it becomes very [ in disposition space ] 
advantageous. The reforming catalyst converter 83 which gave the sound deadening effect which built the 
monolithic catalyst 82 (Pt-zeolite system) in the exhaust air muffler 80 is shown in drawing 20 and drawing 
21. 

[0058]While the exhaust air by which mixing mixing was carried out in H 2 flows from an arrow direction, it 
collides with the mixing plate 84, it passes through the circulating hole 85 of size plurality of this mixing plate 
84 and exhaust air and H 2 are enough mixed from the upper stream of the reforming catalyst converter 83, it 
flows into the monolithic catalyst 82. Since the circulating hole 85 is not established in the central part which 
becomes the exhaust flow rate maximum on the mixing plate 84, H 2 does not concentrate on the monolith 
central part, the circulating hole 85 of the mixing plate 84 - each size - it differs in a diameter, and since 
multiple arrays are carried out, passing flow velocities differ, stirring of gas takes place, and a sound 
deadening effect is done so by interference. 

[0059]By the way, as for an exhaust air muffler, it is common to be arranged in engine-exhaust-systems 
Osamu's tail end, and since it is cooled on the way, the inlet gas temperature of an exhaust air muffler 
becomes low. It is 150-200 ** also in the time of the maximum-engine-speed maximum horsepower of an 
engine with the highest inlet temperature, and is about 100-150 ** in an operating condition with high normal 
use frequency. 

[0060]Since sufficient reaction is not expectable unless it is not less than 300-400 **, a catalyst cannot be 
made to build in in a muffler with the conventional three way component catalyst or the Lean NO x catalyst of 
a Cu-zeolite system. In said example, when performing reduction by H 2 , it was shown that it can purify at 
low temperature, but temperature is about 150-300 **, and if compared with the inlet temperature of an 
exhaust air muffler, it is in a little high temperature requirement. 

[0061]This invention persons examined [ various ] experimentally what should be selected as a catalyst 
component about the activity of NO x reduction catalyst which supplies H 2 under 0 2 coexistence. As a result, 
Pd and Rh did not have activity, activity of Cu was bad, and Pt found out that high activity was shown. 
However, Pt needs to be high distribution and carriers which have high specific surface area (more than at 
least 100-m 2 /g) for that purpose, such as alumina, silica, and zeolite, are required for it. 
[0062]this invention persons considered pretreatment which should be performed before the Lean NO x 
catalyst of NO x reduction, and H 2 mixing by boiling many things. The result is shown in drawing 19 . When 
H 2 is mixed to engine exhaust air and it leads to the Lean NO x catalyst (Pt system) of NO x reduction, as 
shown in the curve B, the peak of activity is near 250 ** among drawing 19 . 

[0063]An afterburner, a reactor, a three way component catalyst, an oxidation catalyst, etc. are established 
near an engine manifold, When H 2 was supplied and it led to the reforming catalyst converter of NO x 
reduction after oxidizing and carrying out reduction removal of CO and the HC beforehand, as shown in the 
curve A in drawing 19 , active temperature shifted to the low temperature side, and it newly found out that 
high activity was shown at 100-150 **. 

[0064]ln accordance with the inlet temperature of an exhaust air muffler, this temperature was closed, if 



possible [ for the first time ] by building in the reduction catalyst 80 of a Pt-zeolite system in the exhaust air 
muffler 80. After removing HC and CO, the direction which performed NO x purification by a Lean NO x 
catalyst can also improve a purifying rate, and does so the practically outstanding operation effect which 
does not form soot on a catalyst from the imperfect reaction of HC-0 2> 

[0065]The sound deadening effect is made more into fitness by installing interference tube Ex1 after the 
monolithic catalyst 82. Drawing 22 does so the same operation effect as drawing 20 and drawing 21 , and 
differs in the gestalt of a mixer part with said mixing plate, and the points used as the mixing pipe 86 which is 
a hollow cylindrical member differ. Since the reforming catalyst converter 83 and the exhaust air muffler 80 
can consider the 4th example that consists of the above-mentioned composition as unification composition, 
it does so the practical effect that it becomes compact and mount nature becomes good, and it does so the 
outstanding effect which can maintain high NO x purifying rate in the whole drive range. 
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TECHNICAL FIELD 

[Industrial Application^ what is called the lean burn engine and the diesel power plant, other hydrogen 
fueled engines, etc. which this invention requires for the nitrogen-oxides reduction device of an internal- 
combustion engine, and use a lean mixture and aim at the improvement in fuel consumption especially, 
without it spoils the goodness of the fuel consumption of the engine concerned - the concentration of the 
oxygen gas (0 2 is called below) under exhaust air - it is related with the Lean NO x catalyst exhaust gas 
cleaning system which can carry out reduction purifying of the nitrogen oxides (NO x is called below) 
effectively regardless of how. 
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PRIOR ART 

[Description of the Prior Art]ln a piston engine, as an internal-combustion engine and the Lord, to the 
reducing method of the nitrogen oxides (NO x is called below) of exhaust air. The NO x decreasing method 
by the use ** Lean NO x catalyst of the NO x decreasing method ** super-rarefaction air-fuel ratio by the 
former and ** three way component catalyst (for example, JP,1-139145,A) 

Three ** are considered. However, the weight ratio of the fuel in which the method of ** is supplied to an 
engine, and air must be about 14.5, i.e., theoretical air fuel ratio. If fuel uses a thin air-fuel ratio from 
theoretical air fuel ratio, NO x does not decrease. However, it is known that considering the economical 
efficiency of fuel consumption specific fuel consumption has few directions which operated the engine by the 
thin side from theoretical air fuel ratio as shown in drawing 2 , and it is efficient. 

[0003]Next, ** tends to reconcile NO x reduction and fuel consumption reduction with what is called a lean 
burn engine. However, if it tries to use the air-fuel ratio which can reduce NO x enough, it approaches the 
misfire limit of combustion, and engine fuel consumption not only worsens, but it will be ruined and drivability 
will worsen. In order to prevent this, disorder and the increase in the rate of flow are measured with the air 
flow in a cylinder, the rate of combustion is made quick and there are some which are going to improve a 
misfire limit so that it may become a thin region more. However, since the flame kernel formation at the time 
of ignition and the flame propagation in early stages of combustion will be barred on the contrary if air 
disorder and the increase in the rate of flow are performed too much, there is a limit in expansion of the 
misfire limit by this method. Although there is also the method of making it into the rich mixture which 
adjusted the air-fuel ratio distribution in a cylinder and to which only the neighborhood of an ignition plug was 
suitable for ignition, since the decreasing rate will decrease as the dashed line also showed generating NO x 
if a misfire limit spreads to a thin side more as shown in drawing 3 , a big effect is not expectable. 
[0004]** In order to compensate the fault of the above-mentioned **, it is going to operate using near 
[ slightly near theoretical air fuel ratio ] a specific-fuel-consumption minimum score from a misfire limit, and 
NO x in which reduction is a little insufficient tends to purify with a zeolite system Lean NO x catalyst. This 

method may become a fuel-efficient system. However, there is a problem which should be solved practically 
that NO x purifying rate and endurance of catalyst this Lean NO x catalyst will return NO x under a lot of 0 2 

existence during exhaust air, severe [ a catalyst ] temperature conditions etc. and sufficient under the 



present circumstances can be easily incompatible. The method of reducing NO x enough all has many 
practical problems, using the air-fuel ratio which can make engine specific fuel consumption small as much 
as possible as mentioned above. 

[0005]By the way, although it is fundamentally the same that excess 0 2 is included during exhaust air also 
by the lean burn engine or a diesel power plant, 0 2 concentration becomes large, so that exhaust air of this 
engine uses a lean mixture including 0 2 during exhaust air. The catalyst which performs NO x reduction 
purifying under exhaust air containing such 0 2 is called Lean NO x catalyst, and the catalyst of a precious- 
metals system, for example, a zeolite system, is used in many cases. In this Lean NO x catalyst, the relation 
between NO x purifying rate and temperature shows drawing 4 . And a not less than 350 ** pyrosphere is 
mainly a reaction of HC-NO x . A low temperature region 250-350 ** or less serves as a reduction reaction by 
H 2 of NO x , and purification of NO x is possible for it. 

[0006]However, since an exhaust-gas temperature amounts also to a maximum of 800-900 ** since a Lean 
NO x catalyst is installed near an engine exhaust manifold, and an air-fuel ratio uses a thin side from 
theoretical air fuel ratio in exhaust air of a lean burn engine, H 2 hardly exists during exhaust air. Therefore, 
the characteristic by the side of low temperature was a field which cannot be used conventionally. 
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EFFECT OF THE INVENTION 

[Function and Effect]NO x reduction device of the internal-combustion engine of this invention which consists 
of the above-mentioned composition does the following operations so. 

[0010]Namely, NO x reduction device of the internal-combustion engine of this invention which this invention 
person etc. invented, The basis of the existence of NO x and 0 2 during exhaust air according to combustion 
of supply fuel in the combustion chamber of an internal-combustion engine by having composition as shown 
in drawing 1 , Carry out the catalytic reaction of H 2 and the NO x , and to the entrance side of nitrogen gas 
and the catalyst device formed in the exhaust system decomposed into water Methanol or LPG, H 2 from the 
hydrogen generator which leads some hydrocarbon fuel, such as natural gas, to a reforming catalyst 
converter, and generates H 2 is supplied, The operation effect which carries out direct reduction purification 
of the NO x under said exhaust air exactly efficiently by this H 2 under the exhaust air low temperature 
atmosphere in near the silencer of an exhaust system, and reduces this NO x is done so. For this reason, 
NO x reduction device of the internal-combustion engine of this invention, Since an engine operating air-fuel 
ratio can reduce NO x according to a catalyst regardless of the concentration of existence of 0 2 a thin side 
and under exhaust air, or 0 2 from a rich side, theoretical air fuel ratio, and theoretical air fuel ratio, from 
theoretical air fuel ratio On engine (car) performance, The profitableness which can choose an optimum 
value without taking into consideration fuel consumption top NO x reduction conditions can be given. 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the lnvention]The purpose of this invention is what solves the above-mentioned 
conventional various problems, Without spoiling the goodness of the fuel consumption of a lean burn engine 
or a diesel power plant under coexistence of NO x and 0 2 during exhaust air of a lean burn engine or the 
diesel power plant always operated by the Oover 2 (air) side, the concentration of 0 2 under exhaust air - it is 
going to provide NO x reduction device of the exhaust gas cleaning system, i.e., the internal-combustion 
engine which can control the burst size of NO x , which carries out reduction purifying of the NO x effectively 
regardless of how. 
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MEANS 

[Means for Solving the Problem]NO x reduction device of an internal-combustion engine of this invention, A 
basis of existence of NO x and 0 2 during exhaust air by combustion of fuel supplied from a fuel supply 
system in a combustion chamber of an internal-combustion engine, Form a catalyst device for carrying out 
catalytic reaction of H 2 and the NO x within an exhaust system, and purifying NO x , and. Provide a hydrogen 
generator which generates hydrogen by a reforming catalyst converter for some hydrocarbon fuel, such as 
methanol or LPG, and natural gas, in an entrance side of this catalyst device, and H 2 is constituted so that 

supply is possible, It is the composition of carrying out direct reduction purification of the NO x under said 
exhaust air by H 2 from this hydrogen generator under an exhaust air low temperature atmosphere in near 
the silencer of an exhaust system, and having reduced this NO . 
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EXAMPLE 

[Example]A reforming catalyst converter is classified according to the fuel which uses the hydrogen 
generator in an example for an engine as follows. 

[0012]That is, if it is in the engine which uses methanol as fuel, the gas which carried out heating 
evaporation of the methanol by exhaust air is led to this catalyst using transition metal catalysts, such as 
1Pd, Pt, and Cu/Cr/nickel, and H 2 is generated. About 300 ** is best and catalyst inlet gas temperature is a 

reaction at this time. [0013] 
[Formula 1] 

C H a OH - CO + 2 H 2 
[0014]lt becomes. 

[001 5]2) Make methanol vapour mix air, according to Cu-nickel-Cr/alumina catalyst, carry out partial 
oxidation of some methanol, and generate 400 ** - 500 ** are suitable for temperature, it controls the air 

flow rate made to mix in methanol, and maintains temperature. The reaction in this case, [0016] 
[Formula 2] 

C II 0 H + Air ^ H, + CO 4- H 2 O 
[0017]lt becomes. 

[001 8]3) Cu-Mn or Cu-Zn is used for a catalyst, and add a steam to methanol, or add air and methanol 
water, and perform steam reforming. About 250 ** is suitable and temperature is a reaction. [0019] 
[Formula 3] 

C II 3 OH 4 H 2 O -* 3 H 2 + C O 2 
[0020]lt becomes. 

[0021 ]lf it is in the engine using hydrocarbon fuel, such as LPG and natural gas, nickel, CO, and Rh are 
used as a catalyst and it reforms at the temperature of 300-800 **. In the case of this hydrocarbon fuel, the 
water from a steam, air, or a water tank is added, and refining is carried out to it. (Temperature changes with 
catalysts.) There is much methane at low temperature and there is much CO at an elevated temperature. As 
a reaction, [0022] 
[Formula 4] 
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[0023] It becomes. 

[0024]NO X reduction device of the internal-combustion engine of this example, NO x flow is computed from 

the output of the NO x sensor 6 with which the exhaust pipe of said exhaust system is equipped, and the 

suction-air-quantity sensor 5, It can also have composition which controls the air content and the amount of 
reforming fuel in the case of performing the engine exhaust gas flow or partial oxidation which determines 
the always proper amount of H 2 and heats the reforming catalyst converter as said hydrogen generator. 

[0025]NO X reduction device of the internal-combustion engine of this example, The number of rotations of 

the internal-combustion engine concerned, intake pipe negative pressure, As an intake throttle valve 
opening or a fuel supply system. It can also have composition made into the learning control method which 
controls the fuel quantity which possesses the sensor which can detect the operating condition in internal- 
combustion engines, such as injection quantity of ************ t carries out prediction arithmetic of the NO x 

flow from the output of the sensor concerned, and is supplied to the reforming catalyst converter of said 
hydrogen generator. 



consider it as the composition which uses the silencer of an exhaust system effectively. 

[0027]lf it explains in full detail, NO x reduction device of the internal-combustion engine of this example was 

invented in order to solve said conventional problem, and shows drawing 1 the basic constitution figure. That 
is, the 1st point of this example is that this H 2 reduction uses it in the whole drive range of the engine E by 

the exhaust air low temperature side. The 2nd point is incorporating the H 2 generator 1 into a constitution 

system in order to enable use by the side of low temperature. The 3rd point is controlling the H 2 generator 1 

by the operational status of the engine E, or the amount of NO x under exhaust air, and enabling it to always 

supply an equivalent grade or superfluous H 2 by NO x and a mol during exhaust air. 

[0028]Since H 2 will react to 0 2 and the selectivity of H 2 -NO x will be lost if exposed to an elevated 

temperature, the reduction catalyst 2 is arranged near the silencer 3 so that it may not be exposed to not 
less than 350 **. And this example branches from fuel piping, carries out introductory reforming of the fuel 



of the engine E, boil NO x concentration under exhaust air NO x sensor 6, after asking for **** and calculating 
NO x flow from the output of both the sensors 5 and 6 by the controller 7, It is the composition which controls 
the air valve for refining by the fuel flow introduced into a reforming catalyst converter in order to generate 
H 2 corresponding to NO x flow, and the thing which performs reforming catalyst converter temperature by an 

exhaust airflow dividing valve, and partial oxidation. 

[0029]ln drawing 5 , the delivery late of H 2 [ as opposed to NO x in a horizontal axis ] and a vertical axis show 
the reduction rate (purifying rate) of NO x . If equivalent weight of H(mol) 2 is supplied to NO x , and NO x and 
H 2 shall be mixed thoroughly, reduction purifying of all the NO x will be carried out (theoretical value). 
However, since complete mixing is not carried out actually, a reduction rate becomes like an experimental 
value. Although there is a portion to which the purifying rate is good from theory in the experimental value, it 
is because the steam under exhaust air decomposed on the precious-metals system catalyst and has 
changed this into H 2 . Therefore, many H 2 reacts to NO x from supplied H 2 . 

[0030]ln NO x reduction device which performs reduction purifying by H 2 as other examples, it can be 

considered as the function to install the mixer which carries out mixed mixing of H 2 and exhaust air in the 

entrance side of a reforming catalyst converter. The hydrogen generator and catalyst device which are NO x 

purges of others of this example, Since it has a respectively suitable operating temperature range, a 
reduction catalyst can be installed in the inside of the muffler to which exhaust air expands and temperature 
falls at 200 ** or less, or its lower stream again in the latter part of the oxidation catalyst which installed the 
hydrogen generator in the exit of an exhaust manifold in the exhaust system of an internal-combustion 
engine. 

[0031]ln NO x reduction device which supplies H 2 of a hydrogen generator and carries out reduction 

purifying of the NO x under engine exhaust gas under 0 2 coexistence as other examples, It can have 

composition which has a means to oxidize HC, such as an oxidation catalyst, a three way component 
catalyst, and an exhaust air reactor, and CO near an engine exhaust manifold, and uses Pt-zeolitic catalyst 
for the reforming catalyst converter as a Lean NO x catalyst. A sound deadening effect can be given to a 

reforming catalyst converter, and a reforming catalyst converter and an exhaust air muffler can be 
considered as unification composition. 

[0032]And in NO x purge which performs NO x reduction by H 2 , it can have composition which installed the 

soot trapper and the unburnt glow output oxidizing means upstream of the reforming catalyst converter as 
an object for diesel engines. In this example, a hydrogen fueled engine besides a gasoline engine and a 
diesel power plant may be sufficient as an internal-combustion engine, and it can be applied effective in 
these NO x reduction devices. In the case of this hydrogen fueled engine, a hydrogen generator is not 

required, and it can be applied by supplying H as fuel in bypass via a controller. 
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DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] The lineblock diagram showing the basic constitution of the example of this invention 

[Drawing 2] The diagram showing an air-fuel ratio and the relation of a fuel economy 

[Drawing 3] The diagram showing the fuel consumption of a lean burn engine, and the relation of NO x 

[Drawing 4] The diagram showing the characteristic of a Lean NO x catalyst 

[Drawing 5] The diagram showing the relation between H 2 supply rate and NO x purifying rate 

[Drawing 6] The lineblock diagram showing the outline of the 1st example device of this invention 

[Drawing 7] The sectional view of H 2 generator in the 1st example device 

[Drawing 8] The lineblock diagram expanding and showing the important section of H 2 generator of others in 
the 1st example device 

[Drawing 9] The lineblock diagram showing the outline of the 2nd example device of this invention 
[Drawing 10] The lineblock diagram showing the outline of the 3rd example device of this invention 
[Drawing 11] The diagram showing the relation of NO x purifying rate about the 3rd example device 
[Drawing 12] The schematic diagram showing pellet type catalyst composition about the 3rd example device 
[Drawing 13] The schematic diagram showing the catalyst composition of a monolith type about the 3rd 
example device 

[Drawing 14] Drawing of longitudinal section showing the outline of the 3rd example device of this invention 
[Drawing 15] The cross-sectional view showing the outline of the 3rd example device of this invention 
[Drawing 16] The schematic diagram showing the outline of the 3rd example device of this invention 
[Drawing 17] Drawing of longitudinal section showing the example of others of the 3rd example device of this 
invention 

[Drawing 18] The cross-sectional view showing the example of others of the 3rd example device of this 
invention 

[Drawing 19] The diagram showing NO x purifying rate situation about the 4th example of this invention 
[Drawing 20] Drawing of longitudinal section showing the outline of the 4th example device of this invention 
[Drawing 21] The cross-sectional view showing the outline of the 4th example device of this invention 
[Drawing 22] Drawing of longitudinal section showing the composition of others of the 4th example device of 
this invention 



[Description of Notations] 
E, E 1 engine 

1 and 1 1 H 2 generator 

3, 13, and 80 Silencer 

12 and 60 Reduction catalyst 

9 Oxidation catalyst 

5 Suction-air-quantity sensor 

6 NO x sensor 

7 Control power supply 

10 Mixer 
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